and periodontal disease [2] . In view of the numerous functions played by saliva, any disorders of its secretion are reflected by an array of pathological changes, not only in the oral cavity but also within the alimentary tract [3] [4] [5] [6] .
Xerostomia affects millions patients throughout the world. Its prevalence depends on the population examined, and it varies between 12% and 30% [4, 6] . The results of clinical studies suggest that this problem affects mostly menopausal women [7] and individuals above 65 years of age [6] ; nevertheless, xerostomia is also diagnosed in approximately 20% of 18-to 34-year-old individuals [4] .
Depending on their nature, the causes of xerostomia can be classified as systemic or local. Based on the duration of the symptoms, the condition is qualified as persistent or periodic. Xerostomia is not a separate clinical entity, but a sign of systemic comorbidities leading to impaired functioning of the salivary glands. It accompanies hypercalcemia, vitamin deficiencies, anxiety, depression, schizophrenia, hyperthyroidism and type 1 diabetes [8] . Wangert identified several clinical states among the systemic causes of xerostomia, e.g. anxiety, neurosis and neurotic symptoms [9] . Xerostomia can be a manifestation of such conditions as Addison-Biermer anemia, Parkinson's syndrome [5] , Alzheimer's disease [4] , avitaminosis (B1, B2, B6 and B12), or even graft vs. host disease (GvHD) [3, 10] .
Ivanowski et al. [12] revealed a close association between insulin-dependent diabetes and enhanced signs of mouth dryness. The authors observed a relationship between elevated salivary urea concentration and the manifestation of xerostomia in the studied subjects, which was not observed in the control group comprised of individuals without signs of xerostomia. They also documented an association between increased glucose concentration and signs of xerostomia.
Mouth dryness is frequently reported by dialyzed patients with acute or chronic renal failure. Wilczyńska-Borowska et al. [13] [14] [15] showed that alkaline pre-dialysis pH of the saliva (8.0) decreases on average to 7.0 within the last hour of the procedure. A highly alkaline pH and decreased clearance of saliva strongly influence the deterioration of oral hygiene. Disorders of saliva secretion and increased pH resulting from elevated urea concentrations induce rapid progression of caries, gingivitis and marginal periodontitis. Xerostomia can also manifest in individuals infected with HIV and in AIDS patients. Jeganathan et al. [15] found that the patient's age and the duration of the HIV infection determine the occurrence of mouth dryness, which in turn is reflected by higher severity of caries and overall deterioration of the quality of life. Chronic inflammation of the salivary glands is observed despite implementation of anti-retroviral therapy, radically inhibiting the secretion of saliva and increasing the dryness of the oral mucosa [17] .
Chronic autoimmune conditions -rheumatoid arthritis, chronic juvenile arthritis, sarcoidosis, systemic sclerosis, and especially Sjögren's syndrome -deserve special attention in the context of xerostomia. A classic triad of symptoms predominates in the clinical manifestation of Sjögren's syndrome; aside from xerostomia, it also includes dry eye syndrome/keratoconjuntivitis sicca and polyarthritis [18] . The presence of proteins against glandular duct cells, anti-RO/SSA and antiLa/SSB antibodies and rheumatoid factor leads to the destruction of secretory vesicles with associated lymphocytic infiltration [19] .
Impaired secretion of salivary proteins and peroxidase is also associated with rheumatoid arthritis. Along with immunological disorders, this is associated with the occurrence of xerostomia in rheumatoid arthritis patients [20] .
Xerostomia can be also observed in Mikulicz's disease (benign lymphoepithelial lesion), which is associated with swelling of the salivary glands as a result of lymphocytic infiltration [3, 5, 10, 13] .
Local factors responsible for mouth dryness include sialadenitis and sialolithiasis, acute infections of the oral cavity and pharynx (foot and mouth disease, chicken pox, herpetic stomatitis, periodontal disease), neoplasms of the mouth, pharynx and esophagus [6] , and injuries to the secretory tissue of a salivary gland due to radiotherapy of head and neck malignancies [21] [22] [23] . Radiotherapy causes lysis of salivary gland cells. The extent of the injury is determined by the absorbed dose of radiation, the duration of exposure and the size of irradiated area [24] . Initial signs of xerostomia, which additionally impair the quality of life in cancer patients, are observed as early as a few days after irradiation [21] . Initially reversible dysfunction of the salivary glands develops in irradiated patients after receiving a 10 Gy dose. Irreversible impairment of salivary gland function is associated with doses ranging between 50 and 60 Gy [22, 25] . A 60% decrease in the secretion of saliva has been observed immediately after radiotherapy [21] . According to Tribius et al. [23] , decreasing the dose of radiation to < 26 Gy in patients with planoepithelial carcinomas of the head and neck attenuated the signs of xerostomia without increasing the risk of treatment failure.
The list of internal factors that can inhibit secretion of saliva includes tobacco smoking, using complete denture prostheses, and mouth breathing due to functional impairment of the upper airways [6, 26] . A study conducted by Al-Dwain et al. [27] involving a group of 130 users of complete denture prostheses confirmed the association between the occurrence of xerostomia and smoking or female patients' older age.
Xerostomia can frequently develop as an adverse effect of certain medications. According to literature, more than 500 agents cause or increase mouth dryness as a side effect [3, 5, 28, 29, 33] . Interactions between various drug groups also play a role in this process. Chronic pharmacotherapy can be reflected by diminished secretion of saliva or even its lack. This disorder is reversible, and resolves after the therapy is completed. A list of agents which cause drug-related xerostomia is presented in Table 1 [28, 29, 33] .
With time, many unfavorable changes develop as part of the physiological process of aging, including a reduced number of secretory cells within the salivary glands. This problem mainly affects menopausal women [7] and individuals older than 65 years of age. An analysis of the etiological factors of xerostomia supports the hypothesis that among older people this condition is not only an unavoidable symptom of the physiological processes of aging [18] , but also a result of age-related increases in the number of medications used [29] . Research conducted at the University of Reims expanded this theory, revealing that the number ofdrugs administered is more significant than their type (especially in the case of cholinergic and xerogenic drugs) in the etiology of mouth dryness [36] .
However, it should be remembered that mouth dryness is not always a symptom of true xerostomia. It is frequently a function of the overall status of the patient, resulting from fever, dehydration, cachexia, heatstroke, vomiting or diarrhea [8] .
A subjective feeling of xerostomia may occur in patients taking drugs that regulate the blood pressure, antidepressants or immunosupressive drugs. The latter cause a decrease in the blood flow through the salivary glands, which may lead to reduced saliva production. This occurs quite often among patients with arterial hypertension, coronary thrombosis, diabetes and thyroid diseases at the same time, requiring the use of different drugs. The occurrence of dry mouth in this case is connected with the fact that the salivary glands have multiple types of target receptors for a variety of different drugs. The most important among them are anticholinergic drugs, which are the main cause of dry mouth. Activation of α-1A, β-1, M3 and H2 receptors occurs on the pathway of cAMP-dependent protein kinase A, while NK-1 and M3R activation is induced on the protein kinase C pathway. GABA and benzodiazepins cause a decrease in saliva production. Appetite-suppressing drugs may cause a feeling of dry mouth as well. An example of such a drug is sibutramine, which suppresses the reuptake of serotonin and noradrenaline. It prolongs the feeling of satiety, which causes an intensification of xerostomia [30, 33] .
Sometimes xerostomia is referred to as hyposalivation; however, these two terms are not synonymous and should not be used interchangeably. Hyposalivation refers solely to decreased secretion of saliva due to external or internal influences, while xerostomia encompasses the final effect of salivary drainage, i.e. the process of its evaporation, absorption by mucosal membranes, or elimination by swallowing [3] .
Decreased secretion of saliva, i.e. hyposalivation, can also result from medical mistakes [37] , in such cases a subjective impression of mouth dryness appears at rest and is associated with the decreased secretory function of the parotid glands.
Clinical Manifestations of Xerostomia
Discomfort associated with mouth dryness is the first and most common symptom reported by patients affected by xerostomia. The decreased volume of saliva impairs both the immunological and non-immunological protective barrier; depending on the severity, this can cause the following manifestations:
-problems with food ingestion, frequent consumption of fluids during meals;
-dysgeusia with a predominance of bitter and salty taste [5, 10] ;
-fetor ex ore [8] ; -fissures and ruptures of the lips; -burning of the tongue and/or lips: burning mouth syndrome (BMS) [10, 11] ; -dry, pale, ruptured, and lusterless mucosal membranes;
-the presence of "milky" saliva draining from the glandular ducts [3] .
Severe xerostomia can be associated with the development of cervical caries, resulting from the excessive accumulation of dental plaque at normally non-predisposed sites (the front mandibular teeth, the cusps of lateral teeth, or Black class V caries of all teeth), angular cheilitis, and candidiasis [38] . Shinozaki et al. [40] documented an association between candidiasis and mucosal disorders in patients with oral dryness. They isolated such fungi as Candida albicans and Candida glabata from the tongue and angle of the mouth, respectively, in hyposalivation patients. Guobis [41] postulates an association between mouth dryness and colonization with microorganisms, not only Candida albicans but also Lactobacillus spp.
Untreated xerostomia leads to many unfavorable changes in the oral cavity, e.g. sulcation of the tongue and atrophy of the lingual papillae [5] . Moreover, patients suffering from deficits or a lack of saliva experience problems with using complete denture prostheses. Poor retention and displacement of the prosthesis from its location lead to mucosal injury with resultant ulceration [42] .
Evaluating Xerostomia
A questionnaire developed by Fox et al. [4, 27] is most commonly used to take the medical history of patients suspected of xerostomia (Table 2) .
Upon documenting the presence of these symptoms, standard sialometric tests are required. The basic tests include determination of stimulated salivary flow rate (s-SFR), unstimulated salivary flow rate (u-SFR), palatal secretion (PAL) and parotid secretion (PAR). These measurements constitute the simplest methods of evaluating the secretory function of the salivary glands. Very low unstimulated and stimulated salivary flow rates are defined as < 0.1 mL/min and < 0.7 mL/min, respectively. These values are confirmatory of xerostomia if they co-exist with symptoms specific for this condition [34] . It is important to determine both the stimulated and unstimulated volume of saliva, as salivary secretion at rest can be decreased despite a normal volume of stimulated saliva [4] . Evaluating mucosal dryness constitutes another component of the examination. For this purpose, the modified Schirmer test (also used in ophthalmology), as well as wafer or mirror tests, can be used. The results of the latter test are presented in a three-item scale:
-I: a lack of resistance during the passing of a dental mirror along the oral mucosa, -II: weak resistance, -III: considerable resistance during an attempt to pass the mirror [43] .
In some cases, the evaluation is augmented with a biochemical analysis of saliva, sialography, scintigraphy with technetium-99m ( 99m Tc), CT scans or magnetic resonance imaging of the salivary glands [44] .
Treatment of Xerostomia
Education of the patient, aimed at the implementation of systematic and proper oral hygiene, is a priority in the prevention and treatment of mouth dryness, and is reflected by excellent therapeutic outcomes. Avoidance of dry, acidic and salty foods is recommended, as is the elimination of stimulants, especially tobacco and alcohol [38] .
Upon establishing the etiology of the condition, withdrawing certain groups of medications or eliminating their interactions, xerostomia therapy focuses on the prevention of candidiasis and ulceration of periodontal and soft tissues. It must be mentioned that antibiotics and antifungal agents cause only temporary improvements, as all xerostomia-related infections tend to recur [2, 3] . According to globally accepted guidelines, the treatment of xerostomia should be symptomatic. Therefore, in order to improve xerostomia patients' quality of life, various forms of substitutes for saliva have been introduced: gels (Biotene), aerosols (Glandosome spray), lozenges (Saliva Orthana lozenges), oral rinses and chewing gums [3] . Jang et al. [44] studied a group of xerostomia patients who had undergone liver resection and observed that mouth dryness was efficiently alleviated by chewing gum. Clinical xerostomia in those patients had been caused by the administration of opioid analgesics.
The route of application and duration of effect have significant impact on patient preferences regarding saliva substitutes; aerosols are especially appreciated by patients [5] . The composition of artificial saliva preparations is mostly based on water-soluble polymers: carboxymethylcellulose sodium salt or glycerol [45] . They also contain a mixture of ions and compounds with buffering properties. Aromas, e.g. mint, are also added to improve the smell of saliva substitutes. Preparations containing inorganic compounds -e.g., sodium fluoride, which enhances mineralization of the enamel -are recommended for patients with severe cervical caries. Herbal rinses (linseed, hollyhock flower or common marshmallow) are also successfully used in the symptomatic treatment of oral dryness [3, 5, 7, 10, 38, 39] . Jackiewicz-Barań-ska et al. [45] examined available preparations and concluded that none of the commercial products are ideal substitutes for human saliva, as none of them contain digestive and bactericidal enzymes or other naturally occurring proteins.
Amifostine has been found to be useful in the prevention of xerostomia in patients subjected to radiotherapy. It exerts a broad cytoprotective effect on all normal tissues by protecting them against the destruction of DNA by generating free radical scavengers and providing hydrogen ions for the repair of injured molecules. The selective protection of normal tissues is possible due to the associated higher concentration of free thiol as compared to neoplastic tissue. The efficacy of amifostine treatment varies considerably from very high effectiveness to a placebo effect depending on the clinical status of the particular patient. Adverse effects of this agent include hypotension and vomiting [46] . Pilocarpine hydrochloride in 2.5-10 mg dose can improve salivary flow in irradiated patients [29] ; however, its application is limited to certain cases only [32] .
A novel technique is the use of acupuncture in the management of xerostomia associated with irradiation of head and neck malignancies. According to Simcock et al., marked alleviation of dryness can be observed as early as after eight acupuncture sessions. The acupuncture-treated group showed improvement when compared to the controls, in whom education regarding oral hygiene was the only form of intervention [49] .
Although all the aforementioned methods attenuate the signs of hyposalivation, they do not eliminate the underlying problem, e.g. radiotherapy-induced injury to glandular tissue. Pringel postulated using stem cell therapy in such cases. According to this author, recent progress in understanding the cellular turnover of the salivary glands and identification of their stem and progenitor cells constitute a basis for the implementation of this form of therapeutic intervention [50] .
Certain drugs, such as pilocarpine hydrochloride (mentioned above) induce secretion of saliva via parasympathetic influences. The allowable daily dose of 30 mg should not be exceeded. As a cholinomimetic, pilocarpine hydrochloride (Salagan) has an affinity for muscarinic receptors M1 to M3, which leads to increased secretion in all peripheral tissues. Pilocarpine is contraindicated in patients suffering from drug-induced xerostomia associated with the intake of medications for hypertension, asthma or hyperthyroidism; in patients with narrow-angle glaucoma, angina, chronic bronchitis, nephrolithiasis or cholelithiasis; and in patients who have had myocardial infarctions [28, 29] .
Cevimeline (Evoxac), which shows a high affinity for muscarinic receptors M1 and M3, is another agent used in the treatment of xerostomia. As it has a minute effect on M2 and M4 receptors in the lungs and heart, its use is not associated with such adverse events as bradycardia. Witsell et al. confirmed the efficacy of cevimeline administered in 30 mg doses three times per day in patients irradiated with > 40 Gy to the head and neck region. After six weeks of treatment, the mucosal status of these patients returned to its pre-radiotherapy level [46] .
Gómez-Moreno et al. [47] obtained satisfactory results using a combination of 1% malic acid with xylitol and fluorides to attenuate the signs of xerostomia in patients treated with antihypertensive agents. The dissociation of malic acid leads to the enhanced secretion of saliva due to stimulation of gustatory acid receptors. Although xylitol and fluoride ions do not modulate the secretion of saliva, they reduce the cariogenic and erosive potential of the malic acid.
Conclusions
Xerostomia is most commonly observed in patients treated with certain medications, those subjected to radiotherapy of the head and neck, or in individuals with Sjögren's syndrome. Although it mostly affects geriatric patients, xerostomia can be also observed in young individuals. This condition not only results from the physiological process of aging, but is also associated with the number and type of medications administered in the treatment of various systemic conditions. Xerostomia is also a common manifestation in menopausal women, due to estrogen deficiency. If it remains untreated, xerostomia can cause many complications, leading to nutritional deficiencies, decreased mood and finally depression. The treatment of xerostomia is long term and demanding, and as such requires a high level of patient motivation.
